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Description

[0001] The present invention relates to techniques for
monitoring a water vessel’s anchor, and in particular (but
not exclusively) techniques for monitoring the reliability
with which the anchor has been set, and/or for providing
an indication of potential or actual anchor failure.
[0002] Reliable anchoring is an important requirement
for all kinds of water vessels such as boats, ships and
rafts. In calm conditions the anchor and rode are under
no load and the vessel is normally safe. When wind
strength, waves or currents increase, the anchoring sys-
tem is placed under tension and the unknown interface
between anchor and the waterbed is all that holds the
vessel safely in place. However, this can also fail with no
warning placing the vessel and occupants in danger. If
the anchor comes loose, significant damage can result
to the water vessel, other water vessels, and/or crew or
passengers.
[0003] GPS-based applications have been developed
which can advise a captain if the vessel has drifted out-
side a pre-set safe anchoring radius. However, such ap-
plications only provide an indication of a hazardous sit-
uation after the fact. Furthermore, they do not provide a
means of improving and managing anchoring security.
[0004] To monitor the safe embedment of an anchor
in the seabed ideally requires knowledge of how the an-
chor is set, and how that changes with time and condi-
tions.
[0005] There have been several attempts to instrument
an anchor and send data to the surface.
[0006] US Patent No. 4,912,464 discloses an alarm
system comprising a motion sensor connected to an an-
chor and configured to monitor a motion signal produced
by the motion sensor and raise an alarm under certain
conditions, in particular when acceleration above a
threshold occurs.
[0007] US 2003/0128138 A1 discloses a device that
generates an alarm when a condition at an anchor or an
anchor chain exceeds a set value, in particular when a
jerk exceeds a predetermined measure, or when a pre-
determined force is exceeded.
[0008] DE 100 64 419 Al discloses a movement or in-
clination monitoring device which has two or more base
bodies, such as an anchor and its chain, that are directly
or indirectly connected, and two or more measurement
elements that are used for continuous measurement of
the acceleration of one or more base bodies, measure-
ment of angles ’alpha’ of the base body axes relative to
the gravitational force vector, a rotation ’beta’ around a
body axis, or a rate of rotation relative to ’alpha’ and/or
’beta’. The measurement elements are linked by cable
or in a wireless manner. If a variation in acceleration,
angle, rotation angle, or rotational velocity exceeds a pre-
determined threshold, an alarm signal may be displayed.
[0009] DE 38 10 084 Al discloses an alarm device
which indicates the breaking loose or slippage of an an-
chor, the alarm having a position encoder (displacement

sensor) which is connected to the anchor and rests with
a wheel on the anchor (holding) ground and transmits
the breaking away or slippage of the anchor to a signalling
device present in the water craft by means of a pulse
generator and a transmission device, such as a cable or
in a wireless fashion, e.g. by ultra sound. US
2014/0222336 A1 discloses a method for determining
displacement of an anchor comprising of the steps of
determining an initial position of the anchor, determining
a displacement of the anchor by measuring anchor ac-
celeration values, measuring at least one further physical
quantity associated with the anchoring, and deciding
whether the anchor is at rest or in motion, wherein a value
of the further physical quantity is taken into account in
the decision, and the acceleration values are integrated
twice over time during intervals when the anchor is
deemed to be in motion.
[0010] The document EP2765074 discloses integrat-
ing the signals from an accelerometer built into the anchor
of a ship to obtain the displacement of the anchor.
[0011] However, it has been found that the quantities
measured in the known techniques do not correlate op-
timally with movement of an anchor, and thus may not
provide a good indication of the reliability of an anchoring.
For example, anchoring may remain reliable even if very
high forces or jerks occur; in particular, an anchor may
remain at least essentially stationary under such condi-
tions. Thus, under such conditions, the known devices
may trigger false alarms. On the other hand, if it is not
known that an anchor has never made firm contact in the
seabed, both boat and anchor may drift and the anchor
may thus be significantly displaced, without large forces
or jerks occurring on the anchor or anchor rode, or without
wheels or other rotatable elements attached to the an-
chor being rotated. The displacement may be circular or
reversing and not indicate that the anchor has never
made firm contact in the seabed. Such situations may
thus go undetected with the known techniques, leaving
the vessel, and its occupants at risk.
[0012] Thus it has been found that, while the principle
of directly measuring the anchor state is valid, the pa-
rameters that are measured by the known techniques
such as displacement of the anchor do not correlate with
reliability of the anchoring, and/or concern a report of
anchor movement after the fact. For example, when set-
ting the anchor, it is initially dragged an unpredictable
distance along the seabed until it grips and sets. There-
fore, measurement of distance does not indicate whether
the anchor has set.
[0013] It would therefore be desirable to provide im-
proved techniques for monitoring the reliability of anchor-
ing. It would also be desirable to provide techniques
which allow for determination of a reliable anchoring in
the first instance, and then continual observation of the
reliability of an anchoring, without the disadvantages of
other methods and systems as detailed above.
[0014] According to a first aspect of the present inven-
tion there is provided a device for monitoring an anchor
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as defined in claim 1.
[0015] The present invention may provide the advan-
tage that, by using an accelerometer to produce roll angle
data and velocity data and transmitting this data to the
surface, it may be possible to provide sufficient informa-
tion to allow the setting of the anchor and its reliability to
be monitored in an efficient and cost-effective way.
[0016] The water vessel is preferably located at a water
surface, while the anchor is preferably located at a water-
bed (for example, seabed or riverbed). The anchor is
preferably connected to the water vessel by an anchor
rode, which in one embodiment is a chain, although it
may also be a rope, a combination of rope and chain, or
any other appropriate means for connecting the anchor
to the water vessel. The device is preferably connected
to or otherwise associated with the anchor. For example,
the device may be part of a connecting link connecting
the anchor to the rode, or the device may be fixed directly
to the anchor. Preferably, successive values of the roll
angle data and the velocity data are transmitted contin-
ually.
[0017] The invention is based on findings in field trials
performed by the applicant that, during an anchor setting
procedure, anchor deceleration was greatest when the
anchor was vertical or orientated within a certain range
of angles from the vertical, such as plus or minus 20° or
10°; and that when the anchor starts to dig into the seabed
its velocity reduces and when the dragging force of the
anchor provided by a water vessel equals the resisting
force of the seabed the anchor velocity becomes zero at
which time the anchor has set reliably. Such findings
therefore teach that an anchor can be deemed to have
set reliably in a seabed if it is substantially vertical in
orientation and its velocity has reduced to zero, and fur-
ther that by continually monitoring anchor velocity and
roll angle the reliability of an anchoring can be continually
assessed in a quantitative manner.
[0018] The invention is also based on the finding that
acceleration values measured by an accelerometer in a
link attached to an anchor that was constrained by a cle-
vis joint to roll with the anchor in the y-z plane but to be
able to rotate freely in the x-z plane were for all practical
purposes the same as the acceleration values measured
by an acceleration sensor directly attached to the anchor.
[0019] It has been found that the measurements nec-
essary to obtain the roll angle data and velocity data can
conveniently be obtained from a 3-axis accelerometer.
Thus, the accelerometer may be a 3-axis accelerometer
arranged to produce acceleration data with three orthog-
onal components. The three orthogonal components
may be x, y and z-components. The z-component of the
acceleration data may be a component having a direction
which is vertical relative to the earth’s surface. The x-
component may be a component having a direction which
is horizontal, and substantially parallel with the direction
of a rode connecting the anchor to the water vessel when
the rode is in tension (or a horizontal component thereof).
The y-component may be a component having a direction

which is horizontal, and substantially perpendicular to
the direction of the rode when the rode is in tension.
[0020] Preferably the velocity data is obtained by inte-
grating a component of the acceleration data with respect
to time. For example, the x-component of the accelera-
tion data may be integrated once with respect to time to
obtain the velocity data. This may provide a simple and
convenient way of obtaining the velocity data.
[0021] In a preferred embodiment, the velocity data is
obtained by integrating just the x-component of the ac-
celeration data with respect to time. Experimentation has
shown that the anchor will not normally move without
force being applied by the anchor rode. Thus, in order
for the anchor to move, it can be assumed that the rode
is in tension, and that movement will be predominantly
in the x-direction. It has therefore been found that mean-
ingful velocity data can be obtained by integrating just
the x-component of the acceleration data with respect to
time, and that correction for link pitch angle may result
in no significant improvement in calculation of velocity.
However, if desired, one or both of the y and z-compo-
nents of the acceleration data could also be used to ob-
tain the velocity data.
[0022] Preferably, the roll angle data is obtained by
comparing the acceleration data with the gravity vector.
Thus, the device may further comprise means for storing
a gravity vector, and the roll angle data may be produced
by comparing two (or more) components of the acceler-
ation data with the gravity vector. For example, the y and
z-components of the acceleration data may be compared
with the y and z-components of the gravity vector, re-
spectively. The results of the comparison may then be
used to obtain the roll angle data using the appropriate
trigonometric function.
[0023] In a preferred embodiment of the invention, the
device is contained within a connecting link which con-
nects the anchor to the rode. In this case, it may be pos-
sible for the connecting link to rotate in at least one plane
relative to the anchor. Experimentation has shown that,
in such an arrangement, the connecting link tends to rise
from its hanging position at rest as rode tension increas-
es, approaching horizontal when sufficient tension is ap-
plied to start moving the anchor. It has therefore been
found that link pitch angle may be a good early warning
indicator of impending anchor movement.
[0024] Thus, the device may further comprise means
for processing the acceleration data to yield pitch angle
data, the pitch angle data indicating the pitch angle of
the device, and the transmitting means may be arranged
to transmit the pitch angle data to the receiver unit.
[0025] The pitch angle data may be obtained by com-
paring two (or more) components of the acceleration data
with corresponding components of the gravity vector. For
example, the x and z-components of the acceleration da-
ta may be compared with the x and z-components of the
gravity vector, respectively. The results of the compari-
son may then be used to obtain the pitch angle data using
the appropriate trigonometric function.
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[0026] The device may further comprise means for av-
eraging the roll angle data, the velocity data and/or the
pitch angle data with respect to time. This may reduce
the amount of data that needs to be transmitted. Prefer-
ably the device further comprises a memory arranged to
store the average values of the roll angle data, the ve-
locity data and/or the pitch angle data.
[0027] The device may comprise means for packaging
the average values of the roll angle data, the velocity
data and/or the pitch angle data into a data set, and the
transmitting means may be arranged to transmit the data
set from the device to the receiver unit. The data set may
include an identification of the anchor. This may allow,
for example, a receiver unit to distinguish between data
sets transmitted by devices attached to different anchors.
[0028] In calm conditions the anchor and rode are usu-
ally under no load and the boat is safe. In this case, it
may only be necessary for anchor measurement data to
be made available intermittently. However, when wind
strength, waves and/or current increase the anchoring
system is placed under tension and there is a greater risk
of the interface between the anchor and the seabed fail-
ing. In this case it may be desirable for anchor measure-
ment data to be made available more frequently.
[0029] In a preferred embodiment of the invention, the
device further comprises means for varying time intervals
at which data are transmitted from the device in depend-
ence on at least one of the velocity data and the pitch
angle data. This can allow data to be transmitted more
frequently when it is most needed, while avoiding unnec-
essary transmissions during periods of low danger.
[0030] For example, the device may comprise means
for comparing the anchor velocity data to a velocity
threshold value and means for decreasing the time inter-
vals at which successive data values are transmitted if
the velocity threshold is exceeded. The velocity threshold
value may be, for example, substantially zero (with a mar-
gin to account for noise) so that the time intervals are
decreased as soon as the anchor starts to move, al-
though other values could be used instead.
[0031] Alternatively, or in addition, the device may
comprise means for comparing the device pitch angle
data to a pitch angle threshold value, and means for de-
creasing the time intervals at which successive data val-
ues are transmitted if the pitch angle is less than the pitch
angle threshold value. The pitch angle threshold value
may be, for example, 30°, 20° or 10° from horizontal, so
that the time intervals are decreased as the device ap-
proaches the horizontal, although other values either
greater than or less than any of these values may be
used instead.
[0032] The data to be transmitted comprises roll angle
data, velocity data and optionally pitch angle data. The
data may be transmitted at, for example, 1, 2, 3 or 5
second intervals if the velocity threshold is exceeded
and/or if the pitch angle is less than the pitch angle thresh-
old value, and at 10, 20 or 30 second intervals if the ve-
locity threshold is not exceeded and/or if the pitch angle

is greater than the pitch angle threshold value. However
other values either greater than or less than any of these
values may be used instead.
[0033] Preferably the transmitting means comprises
an acoustic transmitter. This can allow the data to be
transmitted wirelessly from the device to the water sur-
face. The acoustic transmitter may comprise, for exam-
ple, means for modulating the data onto a carrier signal,
and means for converting the modulated signal into an
acoustic signal. The converting means may be for exam-
ple an acoustic transducer such as a piezo-electric trans-
ducer.
[0034] Typically, data transmission through a body of
water is achieved either by running a cable through the
water, or by transmitting acoustic signals through the wa-
ter. However, research carried out by the present appli-
cant has revealed that acoustic transmission through an
anchor rode (such as a chain) may provide a reliable,
convenient and cost-effective way of transmitting data
from an anchor to a water vessel.
[0035] When monitoring an anchor for safe holding,
data is not required, or is required less frequently, when
the anchor chain is slack, as holding force is practically
provided by chain friction on the seabed. However, when
conditions are such that the chain comes under tension,
data on the status of the anchor is required. The under-
standing that data is mainly required when the anchor
chain is in tension provided the stimulus to research and
experiment with data transmission across the chain at a
range of tensions. Experimentation showed that even a
fairly low chain tension, in the order of tens of kilograms
force, can create sufficient acoustic coupling between
the links of the chain to allow effective acoustic data trans-
mission between an anchor on the seabed and a receiver
placed on the chain at the bow roller of the boat or alter-
natively on the bow roller of a boat to allow monitoring of
the anchor state when required.
[0036] Thus, in a preferred embodiment of the present
invention, the acoustic transmitter is arranged to transmit
an acoustic signal through a rode, which is preferably a
chain between the anchor and the water vessel. This may
avoid the need to mount an acoustic transducer below
the water line on the water vessel or on a separate buoy,
and thus may provide a more convenient and cost-effec-
tive way of transmitting data than previously known tech-
niques.
[0037] As an example, the acoustic transmitter may
transmit an acoustic signal through the rode with a carrier
frequency greater than 50Hz, 500Hz, 1 kHz, 2kHz or
3kHz and/or less than 1 MHz, 100kHz, 40kHz or 12 kHz,
although other values greater or less than any of these
values may be used instead.
[0038] In an alternative embodiment the acoustic
transmitter is arranged to transmit an acoustic signal
through water. In this case, the acoustic signal may be
received by an acoustic transducer below the water line
on the water vessel, or by a separate buoy, which may
receive and demodulate the data and relay it to a device
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on the water vessel or elsewhere.
[0039] As discussed above, the device may be con-
tained within a connecting link which connects the anchor
to the rode. Thus, according to another aspect of the
invention, there is provided a connecting link for connect-
ing an anchor to a rode, the connecting link comprising
a device in any of the forms described above. The con-
necting link may comprise a joint for connecting the link
to the anchor, and a joint for connecting the link to a rode
such as a chain.
[0040] Preferably, the connecting link is connected to
the anchor by means of a joint which constrains rotation
of the connecting link relative to the anchor in at least
one plane. For example, the joint may constrain move-
ment of the connecting link relative to the anchor in the
y-z plane but allow rotation of the connecting link relative
to the anchor in the x-z plane. This may allow the device
to have a roll angle which varies with the roll angle of the
anchor, and/or a pitch angle which is independent of that
of the anchor and dependent upon the tension in the rode.
Thus, the device roll angle may be the same as that of
the anchor, while the device pitch angle may be inde-
pendent of that of the anchor.
[0041] The connecting link may be arranged to accom-
modate the device, and/or a battery powering the device.
The connecting link may comprise two or more parts
which may open to reveal the device and/or battery, and
which may close to seal around the device and/or battery.
For example, the two or more parts may pivot with respect
to each other in order to open and close around the device
and/or battery. Alternatively, or in addition, the two or
more parts may screw together in order to seal around
the device and/or battery.
[0042] The connecting link may comprise an acoustic
transducer for transmitting the roll angle data and the
velocity data acoustically to the receiver unit. The acous-
tic transducer may be for example a piezo-electric trans-
ducer. In one embodiment, the acoustic transducer is
arranged to transmit the roll angle data and the velocity
data acoustically through a rode between the anchor and
the water vessel. In this case, the acoustic transducer
may be mechanically and acoustically coupled to the con-
necting link such that vibrations from the transducer are
transmitted to the rode. Alternatively, or in addition, the
acoustic transducer may be open to the water such that
vibrations from the transducer are transmitted to the wa-
ter.
[0043] A corresponding receiver unit may also be pro-
vided. Thus, according to another aspect of the invention,
there is provided a receiver unit as defined in claim 10.
[0044] The receiver unit may further comprise a display
for displaying the roll angle data and the velocity data.
[0045] This aspect of the invention may provide the
advantage that, by receiving and displaying the roll angle
data and the velocity data, the operator may be provided
with the information needed to assess whether the an-
chor has set, the reliability of the setting, and/or whether
the setting is failing or is likely to fail.

[0046] The receiver unit may further comprise means
for receiving pitch angle data indicating a pitch angle of
a measurement device attached to the anchor and
means for providing the pitch angle data to the display.
[0047] The receiver unit may be arranged to receive
data from a device and/or a connecting link in any of the
forms described above. The receiver unit itself may com-
prise a display for displaying the roll angle data, the ve-
locity data and/or the pitch angle data. Alternatively, or
in addition, the receiver unit may relay the roll angle data,
the velocity data and/or the pitch angle data to another
device (such as an external portable device) which in-
cludes a display. Preferably the roll angle data, the ve-
locity data and/or the pitch angle data are received and
displayed continually.
[0048] The receiver unit may further comprise means
for determining whether the anchor has set based on at
least one of anchor velocity data, anchor roll angle data,
and pitch angle data. For example, the determining
means may determine that the anchor has been set
based on one or more of the following:

• The velocity data comprises a time period during
which the velocity is non-zero followed by a time pe-
riod in which the velocity drops to substantially zero.

• The anchor roll angle has a value which is within a
predetermined range of angles from the vertical (for
example within 30°, 20° or 10° of vertical).

• The velocity data is substantially zero and the pitch
angle is within a predetermined range of angles from
the horizontal (for example within 30°, 20° or 10° of
horizontal).

[0049] However other values either greater than or less
than any of the values given above may be used, and
other factors may be used in determining whether the
anchor has been set as well as or instead of those given
above.
[0050] The receiver unit may comprise means for de-
termining whether the anchor setting has failed (for ex-
ample, the anchor has broken loose), and means for gen-
erating an alarm signal if it is determined that the anchor
setting has failed.
[0051] The failure determining means may comprise,
for example, means for comparing the anchor velocity to
a predetermined velocity threshold, and means for gen-
erating the alarm signal if the threshold is exceeded. The
velocity threshold may be, for example, zero velocity, or
a value close to zero velocity to take into account noise
and to reduce the likelihood of false alarms. Alternatively
or in addition, the failure determining means may com-
prise means for comparing the anchor roll angle to a pre-
determined roll angle threshold, and means for generat-
ing the alarm signal if the threshold is exceeded. The
predetermined roll angle threshold may be, for example,
an angle from the vertical beyond which the alarm signal
is generated. The angle may be, for example, 30°, 20°
or 10° from vertical, although other values either greater
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than or less than any of these values may be used in-
stead.
[0052] The receiver unit may further comprise means
for sending an alarm signal to an external portable device.
This can allow an operator to be informed of anchor fail-
ure or potential anchor failure as he or she moves about
the water vessel, another water vessel, or the shore.
[0053] The receiver unit may also be arranged to trans-
mit velocity data, roll angle data and/or pitch angle data
to an external portable device, to allow that device to
display the data.
[0054] As discussed above, it has been found that pitch
angle may be a good early warning indicator of impending
anchor movement. Therefore, the receiver unit may fur-
ther comprise means for providing an indication of po-
tential anchor movement based on pitch angle data. For
example, the receiver unit may comprise means for com-
paring the pitch angle data to a pitch angle threshold,
and means for generating an early warning indicator sig-
nal if the threshold is exceeded. This can allow an oper-
ator to be alerted to potential anchor movement. The pitch
angle threshold may be, for example, 30°, 20° or 10° from
horizontal, although other values either greater than or
less than any of these values may be used instead.
[0055] Although the term "receiver unit" has been
used, it will be appreciated that the various different func-
tions described above may be provided in a single phys-
ical piece of apparatus, or may be distributed across two
or more different pieces of apparatus.
[0056] As discussed above, it has been found that
acoustic transmission through an anchor rode may pro-
vide a reliable, convenient and cost-effective way of
transmitting data from an anchor to a water vessel. Thus,
there may be provided receiver equipment comprising a
receiver unit in any of the forms described above, and a
pickup unit, the pickup unit comprising an acoustic trans-
ducer for receiving an acoustic signal transmitted through
a rode between the anchor and the water vessel. Pref-
erably the pickup unit receives the acoustic signal, con-
verts it to an electrical signal, demodulates the signal,
and transmits the demodulated signal to the receiver unit.
This may avoid the need to mount an acoustic transducer
below the water line of the water vessel or on a separate
buoy, and thus may provide a more convenient and cost-
effective way of receiving the data.
[0057] According to another aspect of the invention
there is provided a monitoring system for monitoring an
anchor for anchoring a water vessel, the monitoring sys-
tem comprising a device or a connecting link in any of
the forms described above, and a receiver unit in any of
the forms described above.
[0058] Corresponding methods may also be provided.
Thus, according to another aspect of the invention there
is provided a method of monitoring an anchor as defined
in claim 14.
[0059] The method may further comprise:

receiving roll angle data indicating a roll angle of the

anchor, and velocity data indicating a velocity of the
anchor; and
displaying the roll angle data and the velocity data
on a display.

[0060] The method may be a method of determining a
successful initial setting of a water vessel’s anchor in the
seabed, and may comprise the steps of continually:

a. measuring anchor acceleration in 3-axes and cal-
culating anchor velocity and anchor roll angle from
this data; and
b. at all times displaying and monitoring velocity and
anchor roll angle on a handheld device.

[0061] The method may be a method of monitoring the
reliability of an anchoring of a water vessel’s anchor in
the seabed after it has been set, and may comprise the
steps of continually:

a. measuring anchor acceleration in 3-axes and cal-
culating anchor velocity and anchor roll angle from
this data;
b. at all times displaying and monitoring velocity and
anchor roll angle on a handheld device; and
c. if velocity exceeds a predetermined threshold
sending an alarm initiation signal to an alarm device.

[0062] Other preferred features of the invention are re-
cited in the dependent claims.
[0063] Features of one aspect of the invention may be
provided with any other aspect. Apparatus features may
be provided with method aspects and vice versa.
[0064] Preferred embodiments of the present invention
will now be described, purely by way of example, with
reference to the accompanying drawings, in which:

Figure 1 shows schematically parts of a boat with a
known anchoring system;
Figure 2 illustrates the action of a stockless anchor
being set;
Figure 3 is a diagram showing experimental data ob-
tained during field trials;
Figure 4 shows parts of a system for determining
and displaying velocity and roll angle of an anchor
in accordance with an embodiment of the present
invention;
Figure 5 shows parts of a connecting link in one em-
bodiment of the invention;
Figure 6 shows the connecting link in its closed state;
Figure 7 shows part of the connecting link connected
to the shank of an anchor;
Figure 8 shows parts of a connecting link in another
embodiment of the invention;
Figure 9 shows parts of a measurement device used
to obtain and transmit anchor velocity and roll angle;
Figure 10 shows parts of a pickup unit in an embod-
iment of the invention;
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Figure 11 shows parts of a receiver unit in an em-
bodiment of the invention;
Figure 12 shows an example of a receiver unit;
Figure 13 shows an example of a portable alarm unit;
and
Figure 14 shows parts of a system for determining
and displaying velocity and roll angle of an anchor
in another embodiment of the invention.

Overview

[0065] Figure 1 shows schematically parts of a boat
with a known anchoring system. Referring to Figure 1,
the boat 1 floats on the water surface 2, and is connected
by means of a rode (chain) 3 to an anchor 4 in the water-
bed. Also shown in Figure 1 is the relationship of the roll,
pitch and yaw angles to x, y and z coordinates.
[0066] Modern stockless anchors typically comprise
one or more flukes connected by a pivot to a shank. Typ-
ically, tripping palms are provided which drag on the sea-
bed, forcing the main flukes to dig in.
[0067] Figure 2 illustrates the action of a stockless an-
chor being set. Referring to Figure 2, the anchor 4 is
initially dragged by the rode (chain) 3 an unpredictable
distance along the seabed 5 as shown in the first image.
At a certain point the anchor fluke 14 starts to dig into
the seabed as shown in the second image. The anchor
fluke 14 then rotates relative to the shank 15 as it digs in
and the anchor sets, as shown in the third and fourth
images.
[0068] To monitor the safe embedment of an anchor
in the waterbed requires knowledge of how the anchor
is set, its orientation relative to the water bed and how
that changes with time and conditions. In calm conditions
the anchor and rode are under no load and the boat is
safe. When wind strength, waves and current increase
the anchoring system is placed under tension and the
unknown interface between anchor and the water bed is
all that holds the boat safely in place, but this can also
fail with no warning placing the boat and occupants in
danger with no warning.
[0069] As a result of field testing and experimentation
carried out by the present applicant, it has been discov-
ered that two factors can be measured to quantify how
well an anchor is set and when it is at risk of being dis-
lodged from the water bed.
[0070] Firstly, it has been found that measurement of
anchor velocity provides an indication of when the anchor
has set. This is because velocity drops to zero when the
anchor is set. Similarly, if the anchor starts to move at
any speed, knowledge at the time of that event and the
ability to monitor the change in anchor speed over time,
provides information that quantifies the urgency of the
situation.
[0071] Secondly, it has been found that neither velocity
nor displacement are good indicators of the reliability of
the anchoring. Experimentation has shown that anchor-
ing reliability can be determined by how the anchor is

imbedded in the seabed relative to the optimum setting
orientation the manufacturer designed the anchor for.
Modern stockless anchors have optimal holding power
when the anchor fluke is substantially vertical, and/or the
shank is horizontal or below.
[0072] Figure 3 is a diagram showing experimental da-
ta obtained by the present applicant during field trials. In
Figure 3, the lower line shows variation of a "noise factor"
with time. Here, the "noise factor" is an indication of the
reliability of the setting of the anchor, calculated using an
3-axis acceleration heuristic. The upper line shows var-
iation of anchor roll angle with time. Referring to Figure
3, it can be seen that there is a good correlation between
the roll angle and the reliability of the anchor setting.
Thus, a key finding was that roll angle is a good indicator
of anchor setting reliability.
[0073] It has therefore been found that measurement
of anchor roll angle together with velocity can provide a)
an indication of how reliably the anchor is set, and b) an
indication of whether the anchor is setting or pulling out
and if it is stabilizing or worsening in either case. For
example, if the anchor is set, acceleration will be very
high and velocity zero. If the anchor is setting in or pulling
out the acceleration will be high and velocity greater than
zero.
[0074] Additionally, as a means to provide an early
warning of possible anchor movement before the fact, if
the velocity and roll angle measurement device is mount-
ed in a link between the anchor and the rode, the link will
hang down when there is no rode force. As rode force is
applied the link will rise as the rode tightens showing
acceleration in the z-direction (vertical) before accelera-
tion in the x-direction (horizontal) appears. If the captain
is able to see this pre-warning he or she can let out more
rode to prevent the rode force lifting the anchor. If the
conditions continue to worsen he or she can monitor an-
chor movement and prepare to pull anchor and move the
boat in a controlled manner.

Monitoring system

[0075] Figure 4 shows parts of a system for determin-
ing and displaying velocity and roll angle of an anchor in
accordance with an embodiment of the present invention.
Referring to Figure 4, in this embodiment a boat 1 is an-
chored by means of an anchor 4 imbedded in a seabed
5. The anchor 4 is attached to an anchor rode 3 by means
of a connecting link 6. The anchor rode 3 is further at-
tached to boat 1 on a water surface 2 at an end remote
from connecting link 6.
[0076] The connecting link 6 is used to provide the
physical connection between the rode 3 and the anchor
4. In addition, the connecting link 6 comprises a meas-
urement device which is used to obtain and transmit an-
chor velocity and roll angle and connecting link pitch an-
gle. The device comprises a battery powered measure-
ment unit which comprises a 3-axis accelerometer for
producing acceleration data, an electronic microproces-

11 12 



EP 3 973 518 B1

8

5

10

15

20

25

30

35

40

45

50

55

sor unit for processing the acceleration data and for cal-
culating anchor velocity, roll angle and link pitch angle,
and a communication unit for transmitting calculated data
and optionally battery status by acoustic means via the
anchor chain to a receiver on the boat.
[0077] The pickup unit 13 is magnetically attached to
the anchor chain 3 near the bow roller or to the bow roller.
The pickup unit 13 comprises a sensor (acoustic trans-
ducer), a demodulator and a transmission unit. The pick-
up unit 13 collects the acoustic signal transmitted via the
chain 3 and converts it to an electrical signal, demodu-
lates the signal, and transmits the demodulated signal to
the receiver unit 10 either wirelessly or by cable.
[0078] Receiver unit 10 is a battery powered unit lo-
cated on the boat 1. Receiver unit 10 comprises a com-
munication unit configured to receive calculated data by
cable or wirelessly from pickup unit 13 and has an au-
dio/visual display that displays the calculated data re-
ceived from the connecting link 6. Receiver unit 10 also
comprises an electronic microprocessor that determines
when anchor velocity exceeds a predetermined limit after
which it sends an alarm initiation signal to alarm units 12
located in water vessel 1 or at a location nearby or on
land. Receiver 10 has a SIM card enabling an alarm mes-
sage to be contemporaneously sent to a mobile tele-
phone 11 by SMS means. Similarly, in the alternative
circumstance when the anchor velocity returns to below
a predetermined limit, the microprocessor determines
this and sends a corresponding alarm disable signal to
alarm units 12, and sends an alarm cancelled message
to a mobile telephone 11 by SMS means.
[0079] A portable alarm unit 12 receives alarm signals
from the receiver unit 10 when a predetermined anchor
velocity threshold is exceeded and upon receiving an
alarm initiation signal initiates its audible and visible
alarm output; and upon receiving an alarm disable signal
from receiver unit 10 cancels the audio and visual alarm.
[0080] A SIM card unit in receiver unit 10 receives
alarm messages from the electronic microprocessor
when a predetermined anchor velocity threshold is ex-
ceeded and sends messages reporting the anchor angle
and the anchor velocity to a nominated mobile phone 11
by SMS means.
[0081] In a preferred embodiment, the mechanical link
6 between the anchor 4 and the anchor rode 3 is tightly
connected to the anchor 4 to ensure that they will remain
in physical contact to allow for exact determination of the
acceleration and therefore velocity and roll angle of the
anchor. The link 6 is constrained by a joint to move with
the anchor 4 laterally in the y-axis but free to rotate ver-
tically in the x-z plane relative to the anchor shank. The
preferred embodiment of such a joint is a clevis mecha-
nism with a single bolt fixing it to the anchor head.
[0082] In another embodiment, the mechanical link 6
may be directly and tightly fixed to the anchor 4 at a po-
sition other than between the anchor and the anchor rode.

Connecting link

[0083] Figure 5 shows parts of a connecting link in an
embodiment of the invention. Referring to Figure 5, the
connecting link 6 comprises a main body 16 which pro-
vides a physical connection between the anchor and the
rode. The main body 16 comprises a clevis joint 20 and
a bolt or pin 22 at one end for connecting the link 6 to the
anchor head. At the other end, a joint 24 and bolt or pin
26 are used to connect the link 6 to the anchor rode. The
main body 16 may be constructed from any suitable ma-
terial such as a metal, for example, stainless steel or
brass.
[0084] The main body 16 is also arranged to house a
measurement device 18. The main body is in two parts
which can pivot with respect to each other about the joint
24 in order to open and close around the device 18 to
facilitate changing the battery. In Figure 5, the main body
is shown in its open state in which access can be gained
to the device 18.
[0085] The measurement device 18 is battery powered
and is enclosed in a waterproof casing. The device 18
comprises a 3-axis accelerometer for producing accel-
eration data, an electronic microprocessor unit for
processing the acceleration data and for calculating an-
chor velocity, roll angle and link pitch angle, and a com-
munication unit for transmitting calculated data and bat-
tery status by acoustic means via the anchor chain to a
receiver on the boat.
[0086] Figure 6 shows the connecting link 6 in its closed
state, in which the two parts of the main body 16 are
closed around the device 18. In this state, a screw 28 is
used to hold the two parts of the main body together.
Also shown in Figure 6 is part of an anchor chain 3 which
is connected to the link 6 by means of the joint 24 and
the bolt 26.
[0087] Figure 7 shows part of the connecting link con-
nected to the shank of an anchor. Referring to Figure 7,
the main body 16 of the connecting link 6 is connected
to the shank 15 of an anchor by means of the clevis joint
20 and a bolt or pin 22. The clevis joint 20 allows the
connecting link 6 to rotate freely with respect to the an-
chor shank 15 in the x-z plane. However, the connecting
link 6 is constrained by the clevis joint 20 such that it
rotates with the anchor shank 15 in the y-z plane.
[0088] Figure 8 shows parts of a connecting link in an-
other embodiment of the invention. Referring to Figure
8, the connecting link 6 comprises a main body 16 in two
parts which provides a physical connection between the
anchor and the chain. The main body 16 comprises a
clevis joint 20 and a bolt or pin 22 at one end for con-
necting the link 6 to the anchor head. At the other end,
a joint 24 and bolt or pin 26 are used to connect the link
6 to the rode.
[0089] The main body 16 is also arranged to house a
measurement device 18 and a battery 19. The main body
is in two parts which can be screwed together in order to
open and close to facilitate changing the battery. In its
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closed state, the two parts of the main body 16 are
screwed together around the device 18 and battery 19.
The measurement device 18 and battery 19 are then en-
closed in the connecting link which forms a waterproof
casing. In this state, a screw 28 is used to prevent the
two parts of the main body from unscrewing.

Measurement device

[0090] Figure 9 shows parts of the measurement de-
vice 18 which is used to obtain and transmit anchor ve-
locity and roll angle. Referring to Figure 9, the device
comprises 3-axis accelerometer 32, integrating module
34, x- and z-axis comparison module 36, y- and z-axis
comparison module 38, gravity vector module 40, aver-
aging modules 42, 44, 46, memory 48, data packaging
module 50, transmission module 52, transducer 54, com-
parison module 56 and threshold module 58. Some or
all of the modules may be implemented as software rou-
tines running on an electronic microprocessor unit with
associated memory, and/or as firmware or hardware, as
appropriate.
[0091] In operation, the accelerometer 32 measures
acceleration in three orthogonal directions (x, y and z) to
produce raw, 3-dimensional acceleration data a. In this
embodiment the acceleration is sampled at a frequency
of 200Hz to produce digital outputs at 5ms intervals, al-
though other values could be used instead. The x-com-
ponent of the acceleration data is fed to the integrating
module 34, which is used to calculate velocity data v as
will be explained below. The x- and z-components of the
acceleration data are fed to comparator module 36, which
is used to calculate link pitch angle θp. The y- and z-
components of the acceleration data are fed to the com-
parator module 38, which is used to calculate anchor roll
angle θr. The averaging modules 42, 44, 46 each per-
forms a 200-point moving average calculation on one of
the three respective calculated data sets and writes the
averaged data into memory 48. The data packaging mod-
ule 50 reads the averaged data from the memory 48,
together with any other appropriate parameters, and
packages the data into a data set. The data set comprises
a unique anchor ID, average velocity, average roll angle,
average link pitch angle, and optionally other diagnostic
data such as battery status. The transmission module 52
modulates the data set onto a carrier frequency to pro-
duce a modulated signal. The modulated signal is con-
verted to an acoustic signal by the transducer 54 and
transmitted acoustically to the signal pickup unit 13 on
the boat.
[0092] The average velocity data are also fed to com-
parison module 56. The comparison module 56 com-
pares the average velocity data to thresholds stored in
threshold module 58 to determine the time intervals at
which the data set should be transmitted. In one embod-
iment, if the velocity is above a threshold, the transmis-
sion module 52 transmits the current data set at 1, 2, 3
or 5 second intervals, although other values greater or

less than any of these values may be used instead. If
velocity is below the threshold, the transmission module
52 transmits the data set at 10, 20 or 30 second intervals,
however other values either greater than or less than any
of these values may be used instead. The threshold may
be close to zero (including an error factor to take into
account any noise) so that data is transmitted at 1, 2, 3
or 5 second intervals as soon as there is determined to
be any movement of the anchor. Of course, other values
of the threshold and the intervals may be used instead.
[0093] Although not shown in Figure 9, the time inter-
vals at which the data are transmitted may also be varied
in dependence on the value of the link pitch angle. For
example, if the link pitch angle approaches horizontal,
indicating that the chain is under tension, then the data
may be transmitted more frequently than if the link pitch
angle indicates that the chain is hanging at rest.

Calculating anchor velocity

[0094] Experimentation has shown that the anchor will
not normally move without force being applied by the
rode. Therefore, in order for the anchor to move, the rode
must be in tension and therefore the link between the
anchor and the rode must be lying predominantly in the
x-direction of translation. As a consequence, it has been
found that a meaningful measure of velocity can be cal-
culated from the x-axis data alone, and correction for link
pitch angle results in no significant improvement in cal-
culation of velocity. For this reason, in the present em-
bodiment, the x-axis acceleration data alone is used to
calculate velocity data. However, if desired, y and z com-
ponents of the acceleration data could be used as well
or instead.
[0095] Referring again to Figure 9, the integrating mod-
ule 34 receives the x-component of the acceleration data
from the accelerometer 32. The integrating module 34
integrates the x-axis acceleration data once with respect
to time, in order to obtain velocity data v. The equation
of motion in this instance is 

where v is the current value of velocity, v0 is the previous
value of velocity, ax is the x-component of the accelera-
tion data, and t is incremental time.
[0096] The accelerometer 32 measures acceleration
at small time intervals in the order of 5ms with a 200Hz
sampling rate. After each time interval the integrating
module 34 calculates the product ax·t. Since the
timesteps are small, v0 may be assumed to be the pre-
viously calculated value of v, so addition of the current
values of v0 and ax·t will accurately yield current velocity
v. The current velocity v is then fed to averaging module
42, where it is averaged over time and then stored in
memory 48.
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Calculating roll angle

[0097] Experimentation has shown that there is an ex-
cellent correlation between anchor roll angle and a ’noise
factor’ calculated using an 3-axis acceleration heuristic
(see discussion above with reference to Figure 3). The
connecting link 6 is ’keyed’ to the anchor shank 15 by
means of the clevis joint 20 so that the connecting link
lies at the same roll angle as the anchor. Therefore, in
the present embodiment, the anchor roll angle is calcu-
lated relative to vertical by comparing z- and y-axis ac-
celeration data with the gravity vector. Vertical is deemed
to be zero degrees for the purposes of displaying roll
angle which will then be plus or minus an angle up to 180
degrees from vertical.
[0098] Referring to Figure 9, the comparison module
38 receives the y- and z-components of the acceleration
data from the accelerometer 32. The comparison module
38 then compares these components with the corre-
sponding components of the gravity vector g which is
stored in the gravity vector module 40. The gravity vector
g is the acceleration due to gravity which is experienced
by the device 18 when it is in a particular orientation, and
is pre-stored in the device.
[0099] The anchor roll angle can then be calculated
using the equation 

where θr is the roll angle, gy is the y-component of the
gravity vector, gz is the z-component of the gravity vector,
ay is the y-component of the acceleration data, and az is
the z-component of the acceleration data. The roll angle
θr is then fed to averaging module 46, where it is averaged
over time and then stored in memory 48.

Calculating link pitch angle

[0100] Experimentation has shown that, as rode ten-
sion increases, the connecting link 6 rises from its hang-
ing position at rest, approaching horizontal when suffi-
cient tension is applied to start moving the anchor. Link
pitch angle is therefore a good early warning indicator of
impending anchor movement. Therefore, in embodi-
ments of the invention, the link pitch angle relative to
horizontal is measured and transmitted to the surface.
[0101] The connecting link 6 is ’keyed’ to the anchor
shank 15 and will lie at the same roll angle as the anchor
but can rotate freely in the x-z plane relative to the anchor
shank. If the anchor is lying on its side, it is not set. There-
fore, in this case, a rising link pitch angle will provide no
meaningful early warning of anchor movement because
little force is required to move the anchor on its side.
However, if the anchor is substantially vertical and set
well, measurement of the link pitch angle relative to hor-
izontal is meaningful. Link pitch angle may be an angle

between 90 degrees (hanging at rest) and around zero
degrees (horizontal in tension).
[0102] Referring to Figure 9, the comparison module
36 receives the x- and z-components of the acceleration
data from the accelerometer 32. The comparison module
36 then compares these components with the corre-
sponding components of the gravity vector g which is
stored in the gravity vector module 40. The link pitch an-
gle can then be calculated using the equation 

where θp is the link pitch angle, gz is the z-component of
the gravity vector, gx is the x-component of the gravity
vector, az is the z-component of the acceleration data,
and ax is the x-component of the acceleration data. The
link pitch angle θp is then fed to averaging module 44,
where it is averaged over time and then stored in memory
48.

Acoustic data transmission across a chain

[0103] In order to make the processed data set avail-
able to an operator, it is necessary to transmit it from the
seabed to the water surface. Typically, data transmission
through a body of water is achieved either by using a
dedicated cable, or by transmitting acoustic waves
through the water. However, experiments carried out by
the present applicant have shown that acoustic data
transmission across a chain can provide a viable and
cost-effective alternative.
[0104] Acoustic data transmission across relatively
continuous cross-section and consistent mass per unit
length structures such as pipes and wires are well-re-
searched and proven methods. Signal strength, losses
and methods for improving signal to noise ratio are well
understood and widely used in industry. However, a
chain is a discontinuous medium when not in tension, an
unpredictably connected medium when under light load,
and an unknown connectivity structure when under load.
Therefore attempts to transmit data acoustically across
a chain have not previously been pursued because of
the assumed inherent unreliability.
[0105] When monitoring an anchor for safe holding,
data is not required when the anchor chain is slack as
holding force is practically provided by chain friction on
the seabed. When wind and current are such that the
chain comes under tension, data on the status of the
anchor is required. When the forces imposed on the an-
choring system exceeded chain friction on the seabed,
the coupling between anchor and chain comes under ten-
sion and it will rise towards a horizontal orientation. If the
forces continue to rise above the holding force of the
anchor in the seabed, the anchor will move and possibly
release from the seabed.
[0106] The realization that data is required only when
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the anchor chain is in tension provided the stimulus to
research and experiment with data transmission across
the chain at a range of tensions from no tension to a
tension at which acoustic signals were reliably received
across the entire length of a 40m, 8mm link test chain.
Experimentation showed that a very low chain tension,
in the order of tens of kilograms force even with the chain
lying in a tortuous manner will create a sufficient acoustic
coupling between links to allow effective acoustic data
transmission between an anchor on the seabed and a
receiver placed on the bow roller of a boat to allow mon-
itoring of the anchor state when required. Data transmis-
sion was effective at frequencies below typical sonar
communication frequencies of 50-300kHz. An optimal
transmission frequency range to facilitate a high data
transfer speed was established to be in the 2-12 kHz
range, although transmission was also possible outside
of this range.
[0107] Referring again to Figure 9, the transmission
module 52 comprises a modem that modulates a carrier
frequency in the 2-12 kHz range with the data set from
the module 50 to produce a modulated signal. The mod-
ulated signal is supplied to the transducer 54, which con-
verts the modulated signal into an acoustic signal. The
transducer 54 in this embodiment is a piezo-electric el-
ement that is mechanically and acoustically coupled to
the main body 16 of the connecting link 6, preferably in
the vicinity of the joint 24. The transducer 54 transmits
the acoustic signal to the receiver on the boat by means
of vibration through the chain 3.
[0108] As discussed above, the time intervals at which
the data set is transmitted are varied in dependence on
the value of the velocity data and/or the link pitch angle
data. As soon as there is determined to be any movement
of the anchor, the data set is transmitted at more frequent
intervals (for example, 1, 2, 3 or 5 second intervals). This
situation is likely to correspond to the chain being in ten-
sion, when reliable acoustic coupling between links can
be achieved. Furthermore, any failure of the anchor set-
ting is likely to be accompanied by the chain being in
tension, since such failure is usually caused by the chain
pulling on the anchor. Therefore, the data set can be
reliably sent to the receiver unit at the surface at a rela-
tively high data rate at those times when there is most
risk of failure of the anchor setting and when the data is
most needed.

Receiver unit

[0109] Referring back to Figure 4, the pickup unit 13
comprises a piezo-electric acoustic pickup attached to
the chain at the bow-roller or attached to the bow roller
by magnet to receive the acoustic signal. The pickup unit
also comprises an acoustic modem inbuilt to decode the
data set and a transmitter unit to send the calculated data
set to receiver unit 10. The pickup unit 13 is battery pow-
ered and is enclosed in a ruggedized housing.
[0110] The receiver unit 10 on the boat is a battery

powered handheld device connected by a cable or wire-
lessly connected to the piezo-electric acoustic pickup unit
13. The receiver unit 10 receives the data set from the
pickup unit and displays the data on a display. The re-
ceiver unit 10 also has an RF transmitter that can send
and cancel alarms to an alarm pods 12 within radio range
of the boat, and a GSM transmitter 9 that can send an
SMS alarm and all-safe messages to nominated mobile
phones 11.
[0111] Figure 10 shows parts of the pickup unit 13 in
an embodiment of the invention. Referring to Figure 10,
the pickup unit comprises an acoustic transducer 61
which in this example is a piezo-electric pickup, modem
63, and transmission module 65. In operation, the pickup
61 receives acoustic signals transmitted by the connect-
ing link 6 through the chain 3 and converts them into
electrical signals. The modem 63 demodulates the elec-
trical signal to obtain the current data set. The transmis-
sion module 65 transmits the data set either wirelessly
or via a cable to the receiver unit 10. For example, the
data set may be transmitted using a wireless protocol
such as Bluetooth or Wi-Fi (IEEE 802.11), or any other
appropriate protocol.
[0112] Figure 11 shows parts of the receiver unit 10 in
an embodiment of the invention. Referring to Figure 11,
the receiver unit comprises a receiver unit 60, data ex-
traction module 62, display unit 64, anchor setting deter-
mination module 66, setting flag module 68, comparison
module 70, threshold module 72, alarm generating mod-
ule 74, output device 75, wireless or RF transmitter 76
and cellular transmitter 78. Some or all of the modules
may be implemented as software routines running on an
electronic microprocessor unit with associated memory,
and/or as firmware or hardware, as appropriate. The re-
ceiver unit 10 may be implemented as a single physical
piece of apparatus, or its functions may be distributed
across two or more different pieces of apparatus. In one
embodiment, the receiver unit 10 may be implemented
as software running on a mobile processing device such
as a mobile telephone.
[0113] In operation, the receiver module 60 receives
the current data set transmitted from the pickup unit 13
and passes it to the data extraction module 62. The data
extraction module 62 extracts the values of the velocity
v, anchor roll angle θr, link pitch angle θp, anchor ID, and
any other parameters such as battery status, from the
data set. The values of velocity, anchor roll angle and
link pitch angle are displayed on the display 64. The dis-
played values can be used by an operator to determine
whether the anchor has set, and to monitor its movement.
[0114] If two or more anchors are being used, then a
separate pickup unit 13 and data extraction module 62
may be provided for each anchor. In this case, a plurality
of data sets will be received, one from each anchor. The
data extraction module 62 extracts the anchor ID from
each transmitted data set, so that the unit knows which
anchor the data set is associated with. The values from
each anchor may be displayed simultaneously or alter-
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nately on the display 64.
[0115] The velocity v, anchor roll angle θr, and link pitch
angle θp are also provided to the anchor setting determi-
nation module 66. The setting determination module 66
compares the velocity data to predetermined patterns of
velocity data which are known to correspond to the setting
of an anchor. In particular, when an anchor is setting, the
velocity is usually characterized by a period in which the
velocity is greater than zero, followed by a period in which
the velocity decreases rapidly to zero. If such a pattern
of velocity data is also accompanied by the anchor roll
angle θr indicating that the anchor fluke is orientated at
or close to vertical (for example, within 10 or 20 degrees
of vertical), then it can be determined with a reasonable
degree of certainty that the anchor has set.
[0116] Furthermore, it may be assumed that the anchor
is moving through the seabed if the anchor rode is taut
and the anchor velocity is greater than zero. It may also
be assumed that the anchor is set when the anchor rode
is under tension and the anchor velocity is zero. Thus,
the link pitch angle θp may also be used in determining
whether or not the anchor is set. In particular, if the link
pitch angle is at or close to horizontal, indicating that the
rode is under tension, and the velocity is zero, then this
either alone or in combination with the other factors dis-
cussed above may be used to determine that the anchor
has set.
[0117] When the setting determination module 66 de-
termines that the anchor has set, it outputs a signal indi-
cating this condition to the setting flag module 68. The
setting flag module 68 sets a flag indicating that the an-
chor has been determined to have set. This indication is
provided to the comparison module 70 and may also be
displayed on the display 64.
[0118] The velocity v and anchor roll angle θr are also
provided to the comparison module 70. The comparison
module 70 compares the current values of the velocity
and the anchor roll angle to preset thresholds stored in
the threshold module 72. If either or both of the thresholds
are exceeded, and the set flag module 68 indicates that
the anchor is determined to be set, then the comparison
module outputs a signal to the alarm generating module
74. For example, if the velocity value rises above a noise
threshold, or if the anchor roll angle deviates from the
vertical by more than a certain amount, then the compar-
ison module outputs a signal to the alarm generating
module 74. In this situation, a signal is also output to the
set flag module 68 to clear the flag indicating that the
anchor has been determined to have set.
[0119] When the alarm generating module 74 receives
the signal from the comparison module 70 indicating that
the thresholds have been exceeded, it causes the output
device 75 to produce an audible and/or visual alarm to
alert the captain that the anchor may be coming loose.
In addition, the alarm generating module 74 sends a sig-
nal to the wireless or RF transmitter 76 that can send and
cancel alarms to portable alarm unit 12 within radio range
of the boat. The alarm generating module 74 also sends

a signal to cellular transmitter 78 that can send an SMS
alarm and all-safe messages to nominated mobile
phones 11. Alarm signals may also be displayed on the
display 64.
[0120] If, following an alarm, the setting determination
module 66 determines that the anchor has re-set, and
the comparison module 70 determines that the thresh-
olds stored in the threshold module 72 are no longer ex-
ceeded, then the comparison module 70 indicates this
new situation to the alarm generating module 74. In re-
sponse, the alarm generating module 74 stops producing
an alarm on the output device 75. The alarm generating
module 74 also sends an alarm cancel signal to the RF
transmitter 76 and the cellular transmitter 78, which can-
cel the alarms sent to their respect devices.
[0121] In the arrangement of Figure 11, the link pitch
angle θp is also fed to comparison module 70. The com-
parison module 70 compares the current value of the link
pitch angle to a preset threshold value stored in the
threshold module 72. The threshold value is set to be a
certain angle from the horizontal (for example 20° or 10°
from the horizontal). If the threshold is exceeded (indi-
cating that the link is approaching horizontal), and the
setting flag module 68 indicates that the anchor is set,
then the comparison module outputs a signal to early
warning indicator 80. The early warning indicator 80 may
produce an audible and/or visual early warning indicator
and may also display an early warning indicator on the
display 64. If the operator sees this early warning indica-
tor, they can let out more rode to prevent the rode force
lifting the anchor. If the conditions continue to worsen
they can monitor anchor movement and prepare to pull
anchor and move the boat in a controlled manner.
[0122] Figure 12 shows an example of a receiver unit
10. The receiver includes a display 64 which in this ex-
ample displays the current anchor speed and anchor roll
angle. In this example the anchor speed and the anchor
roll angle are both indicated against backgrounds having
regions of green, yellow and red, indicating degree of
anchor safety. The receiver unit 10 may also output audio
and/or visual alarms. In addition, the receiver unit 10 may
indicate the status of the battery in the measuring unit
18. If two or more anchors are being used, the receiver
unit 10 may switch the display 84 between the different
anchors.
[0123] Figure 13 shows an example of a portable alarm
unit 12. The unit includes a warning light 82 and an acous-
tic transducer which allow the device to output visual and
audible warnings of anchor movement.

Acoustic data transmission through water

[0124] Figure 14 shows parts of a system for determin-
ing and displaying velocity and roll angle of an anchor in
accordance with another embodiment of the invention.
Referring to Figure 14, in this embodiment a boat 1 is
anchored by means of an anchor 4 imbedded in a seabed
5. The anchor 4 is attached to an anchor rode 3 by means
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of a connecting link 6’. The anchor rode 3 is further at-
tached to boat 1 on a water surface 2 at an end remote
from connecting link 6’. The connecting link 6’ is used to
provide the physical connection between the rode 3 and
the anchor 4. As in the previous embodiment, the con-
necting link 6’ comprises a measurement device which
is used to obtain and transmit anchor velocity and roll
angle to the water surface. However, in this embodiment,
a transmitter in the connecting link 6’ sends the calculated
data by sonar means through the water to a receiver in
a float 8 at the water surface.
[0125] The float 8 sits half submerged in water, with a
sonar receiver below the surface and a RF transmitter
above the surface. The float 8 comprises a processing
unit which may include some or all of the processing mod-
ules of the receiver unit 10 described above and shown
in Figure 11. The processing unit in the float receives the
calculated data from the connecting link 6’ and routes
the data to the RF transmitter. The RF transmitter sends
the data by radio waves through the air to the receiver
unit 10. The receiver unit 10 displays the velocity data,
anchor pitch angle data and/or link pitch angle data on
its display. The processing unit also produces alarm sig-
nals and sends the alarm signals by radio waves through
the air to portable alarm units 12. A cellular transmitter
may send SMS alarm signals and all-safe messages to
nominated mobile phones 11 on a GSM network 9.
[0126] In an alternative embodiment, the sonar receiv-
er is in a device attached to or suspended from the boat
below the water surface. In this case the RF transmission
link may be replaced by a wired transmission link.
[0127] A method and system for monitoring the relia-
bility of setting of a water vessel’s anchor has been de-
scribed. The system comprises a measurement device
fitted in a link between an anchor and anchor rode that
measures 3-axis acceleration of the anchor, a microproc-
essor that calculates velocity and roll-angle of an anchor
from the acceleration data, and a transmitter that sends
the calculated data by acoustic vibration means across
the anchor chain to a hand held receiver on the water
vessel, which displays the calculated data, and in the
case that the calculated data exceeds set values, relays
an alarm actuation signal to a portable alarm to initiate a
visible and audible alarm, and to send an SMS alarm
message to a mobile telephone by GSM network.
[0128] Preferred embodiments of the invention provide
means for continual observation of the reliability of an
anchoring by continually measuring 3-axis acceleration
of an anchor, continually calculating velocity and roll an-
gle of an anchor, and continually displaying this data on
a handheld audio-visual device onboard or near the water
vessel. Preferred embodiments also provide means for
triggering an alarm on an alarm device onboard or near
the floating vessel if predetermined anchor movement
thresholds are exceeded, and for contemporaneously
sending an SMS alarm message to a mobile phone if
predetermined anchor movement thresholds are ex-
ceeded.

[0129] A preferred method embodiment comprises the
steps of measuring anchor acceleration values in 3 axes
in particular as a function of time; integrating the accel-
eration values in the x-axis or direction of the rode once
over time, preferably by means of numerical integration
to calculate anchor velocity; and estimating anchor roll
angle by calculating the difference between the vertical
z-axis and horizontal y-axis acceleration vectors and the
gravitational vector.
[0130] A preferred system embodiment comprises two
battery-powered devices, each independently powered
by a battery, namely:

1. A mechanical link between the anchor and the
anchor rode housing a 3-axis acceleration sensor; a
battery; a microprocessor that receives the raw ac-
celeration data from the sensor and calculates ve-
locity, roll angle of the anchor and link pitch angle;
and an acoustic transmitter that transmits the calcu-
lated data by vibration means across the anchor
chain to a receiver on the boat.
2. An electronic receiving device in hand-set form
comprising an acoustic pickup that receives the cal-
culated data from the chain; a battery; an audio-vis-
ual display device that displays the calculated data,
a microprocessor that analyses the calculated data
and that generates an alarm initiation signal if a pre-
determined anchor velocity threshold is exceeded;
a radio wave transmitter that transmits the calculated
data and alarm initiation signals through air to alarm
pods; a SIM card GSM network SMS message gen-
erator that sends an alarm message to a mobile tel-
ephone by SMS means via a GSM or satellite tele-
phone network.

[0131] It will be appreciated that embodiments of the
invention have been described above by way of example
only, and modifications will be apparent to the skilled per-
son. Other variations may be made within the scope of
the claims.

Claims

1. A device (6) for monitoring an anchor (4) for anchor-
ing a water vessel (1), the device comprising:

an accelerometer (32) configured to measure
acceleration of the device to yield acceleration
data; and
means (34) configured to process the acceler-
ation data to yield velocity data,
characterized by:

means (38) configured to process the ac-
celeration data to yield roll angle data, the
roll angle data indicating a roll angle of the
anchor (4); and
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means (52, 54) configured to transmit the
roll angle data and the velocity data from
the device (6) to a receiver unit (10) for use
with the water vessel (1).

2. A device according to claim 1, wherein the acceler-
ometer is a 3-axis accelerometer arranged to pro-
duce acceleration data with three orthogonal com-
ponents.

3. A device according to claim 2, wherein the velocity
data is obtained by integrating a component of the
acceleration data with respect to time.

4. A device according to claims 2 or 3, further compris-
ing means (40) configured to store a gravity vector,
wherein the roll angle data is produced by comparing
two components of the acceleration data with the
gravity vector.

5. A device according to any of the preceding claims,
further comprising means (38) configured to process
the acceleration data to yield pitch angle data, the
pitch angle data indicating the pitch angle of the de-
vice (6), wherein the transmitting means (52, 54) is
arranged to transmit the pitch angle data from the
device (6) to the receiver unit (10).

6. A device according to any of the preceding claims,
further comprising means (42, 44, 46) configured to
average the roll angle data, the velocity data and/or
the pitch angle data with respect to time, and pref-
erably a memory (48) arranged to store the average
values of the roll angle data, the velocity data and/or
the pitch angle data.

7. A device according to claim 6, further comprising
means (50) configured to package the average val-
ues of the roll angle data, the velocity data and/or
the pitch angle data into a data set, wherein the trans-
mitting means (52, 54) is arranged to transmit the
data set from the device (6) to the receiver unit (10),
the data set preferably including an identification of
the anchor.

8. A connecting link (6) for connecting an anchor (4) to
a rode, the connecting link comprising a device ac-
cording to any of the preceding claims, wherein the
connecting link is connected to the anchor (4) by
means of a joint (20) which constrains rotation of the
connecting link relative to the anchor in at least one
plane.

9. A connecting link according to claim 8, the connect-
ing link comprising an acoustic transducer (54) con-
figured to transmit the roll angle data and the velocity
data acoustically to the receiver unit (10), preferably
through a rode (3) between the anchor (4) and the

water vessel (1).

10. A receiver unit (10) for use with a water vessel (1)
connected to an anchor (4), the receiver unit com-
prising:

means (60) configured to receive roll angle data
indicating a roll angle of the anchor and velocity
data indicating a velocity of the anchor; and
means (66) configured to determine whether the
anchor (4) has set based on the anchor velocity
data and the anchor roll angle data.

11. A receiver unit according to claim 10, further com-
prising:

means (70) configured to determine whether the
anchor setting has failed based on the anchor
velocity data and the anchor roll angle data; and
means (74) for generating an alarm signal if it is
determined that the anchor setting has failed.

12. A receiver unit according to claim 10 or 11, further
comprising means (60) configured to receive pitch
angle data, wherein the pitch angle is used in deter-
mining whether the anchor (4) has set and/or wheth-
er the anchor setting has failed.

13. A monitoring system for monitoring an anchor (4) for
anchoring a water vessel (1), the monitoring system
comprising a device (6) according to any of claims
1 to 7 or a connecting link according to claim 8 or 9,
and a receiver unit (10) according to any of claims
10 to 12.

14. A method of monitoring an anchor (4) for anchoring
a water vessel (1), the method comprising:

measuring acceleration of a device (6) attached
to the anchor (4) to yield acceleration data; and
processing the acceleration data to yield velocity
data;
characterized by:

processing the acceleration data to yield roll
angle data, the roll angle data indicating a
roll angle of the anchor (4);
transmitting the roll angle data and the ve-
locity data from the device (6) to a receiver
unit (10) for use with the water vessel (1);
and
determining whether the anchor (4) has set
based on the anchor velocity data and the
anchor roll angle data.

15. A method according to claim 14, further comprising
determining whether the anchor setting has failed
based on the anchor velocity data and the anchor
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roll angle data.

Patentansprüche

1. Vorrichtung (6) zum Überwachen eines Ankers (4)
zum Verankern eines Wasserfahrzeugs (1), wobei
die Vorrichtung Folgendes umfasst:

einen Beschleunigungsmesser (32), der konfi-
guriert ist, um eine Beschleunigung der Vorrich-
tung zu messen, um Beschleunigungsdaten zu
liefern; und
eine Einrichtung (34), die konfiguriert ist, um die
Beschleunigungsdaten zu verarbeiten, um Ge-
schwindigkeitsdaten zu liefern;
gekennzeichnet durch:

eine Einrichtung (38), die konfiguriert ist, um
die Beschleunigungsdaten zu verarbeiten,
um Rollwinkeldaten zu liefern, wobei die
Rollwinkeldaten einen Rollwinkel des An-
kers (4) angeben; und
eine Einrichtung (52, 54), die konfiguriert ist,
um die Rollwinkeldaten und die Geschwin-
digkeitsdaten von der Vorrichtung (6) an ei-
ne Empfängereinheit (10) zur Nutzung mit
dem Wasserfahrzeug (1) zu übertragen.

2. Vorrichtung nach Anspruch 1, wobei der Beschleu-
nigungsmesser ein 3-Achsen-Beschleunigungs-
messer ist, der dazu ausgelegt ist, Beschleuni-
gungsdaten mit drei orthogonalen Komponenten zu
erzeugen.

3. Vorrichtung nach Anspruch 2, wobei die Geschwin-
digkeitsdaten durch das Integrieren einer Kompo-
nente der Beschleunigungsdaten mit Bezug auf die
Zeit erhalten werden.

4. Vorrichtung nach Anspruch 2 oder 3, die ferner eine
Einrichtung (40), die konfiguriert ist, um einen
Schwerevektor zu speichern, umfasst, wobei die
Rollwinkeldaten durch das Vergleichen von zwei
Komponenten der Beschleunigungsdaten mit dem
Schwerevektor erzeugt werden.

5. Vorrichtung nach einem der vorhergehenden An-
sprüche, die ferner eine Einrichtung (38), die konfi-
guriert ist, um die Beschleunigungsdaten zu verar-
beiten, um Nickwinkeldaten zu liefern, umfasst, wo-
bei die Nickwinkeldaten den Nickwinkel der Vorrich-
tung (6) angeben, wobei die Übertragungseinrich-
tung (52, 54) dazu ausgelegt ist, die Nickwinkeldaten
von der Vorrichtung (6) an die Empfängereinheit (10)
zu übertragen.

6. Vorrichtung nach einem der vorhergehenden An-

sprüche, die ferner eine Einrichtung (42, 44, 46), die
konfiguriert ist, um Durchschnittswerte der Rollwin-
keldaten, der Geschwindigkeitsdaten und/oder der
Nickwinkeldaten mit Bezug auf die Zeit zu ermitteln,
und vorzugsweise einen Speicher (48), der dazu
ausgelegt ist, die Durchschnittswerte der Rollwinkel-
daten, der Geschwindigkeitsdaten und/oder der
Nickwinkeldaten zu speichern, umfasst.

7. Vorrichtung nach Anspruch 6, die ferner eine Ein-
richtung (50), die konfiguriert ist, um die Durch-
schnittswerte der Rollwinkeldaten, der Geschwin-
digkeitsdaten und/oder der Nickwinkeldaten in ei-
nem Datensatz zusammenzufassen, umfasst, wo-
bei die Übertragungseinrichtung (52, 54) dazu aus-
gelegt ist, den Datensatz von der Vorrichtung (6) an
die Empfängereinheit (10) zu übertragen, wobei der
Datensatz vorzugsweise eine Kennung des Ankers
enthält.

8. Verbindungsglied (6) zum Verbinden eines Ankers
(4) mit einem Tau, wobei das Verbindungsglied eine
Vorrichtung nach einem der vorhergehenden An-
sprüche umfasst, wobei das Verbindungsglied über
ein Gelenk (20), das die Drehung des Verbindungs-
glieds relativ zu dem Anker in mindestens einer Ebe-
ne einschränkt, mit dem Anker (4) verbunden ist.

9. Verbindungsglied nach Anspruch 8, wobei das Ver-
bindungsglied einen Schallwandler (54) umfasst, der
konfiguriert ist, um die Rollwinkeldaten und die Ge-
schwindigkeitsdaten, vorzugsweise durch ein Tau
(3) zwischen dem Anker (4) und dem Wasserfahr-
zeug (1), akustisch an die Empfängereinheit (10) zu
übertragen.

10. Empfängereinheit (10) zur Nutzung mit einem mit
einem Anker (4) verbundenen Wasserfahrzeug (1),
wobei die Empfängereinheit Folgendes umfasst:

eine Einrichtung (60), die konfiguriert ist, um
Rollwinkeldaten, die einen Rollwinkel des An-
kers angeben, und Geschwindigkeitsdaten, die
eine Geschwindigkeit des Ankers angeben, zu
empfangen; und
eine Einrichtung (66), die konfiguriert ist, um ba-
sierend auf den Ankergeschwindigkeitsdaten
und den Ankerrollwinkeldaten zu bestimmen, ob
sich der Anker (4) gesetzt hat.

11. Empfängereinheit nach Anspruch 10, die ferner Fol-
gendes umfasst:

eine Einrichtung (70), die konfiguriert ist, um ba-
sierend auf den Ankergeschwindigkeitsdaten
und den Ankerrollwinkeldaten zu bestimmen, ob
die Ankersetzung fehlgeschlagen ist; und
eine Einrichtung (74) zum Generieren eines
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Alarmsignals, wenn bestimmt wird, dass die An-
kersetzung fehlgeschlagen ist.

12. Empfängereinheit nach Anspruch 10 oder 11, die
ferner eine Einrichtung (60), die konfiguriert ist, um
Nickwinkeldaten zu empfangen, umfasst, wobei der
Nickwinkel beim Bestimmen, ob sich der Anker (4)
gesetzt hat und/oder ob die Ankersetzung fehlge-
schlagen ist, genutzt wird.

13. Überwachungssystem zum Überwachen eines An-
kers (4) zum Verankern eines Wasserfahrzeugs (1),
wobei das Überwachungssystem eine Vorrichtung
(6) nach einem der Ansprüche 1 bis 7 oder ein Ver-
bindungsglied nach Anspruch 8 oder 9 und eine
Empfängereinheit (10) nach einem der Ansprüche
10 bis 12 umfasst.

14. Verfahren zum Überwachen eines Ankers (4) zum
Verankern eines Wasserfahrzeugs (1), wobei das
Verfahren Folgendes umfasst:

Messen einer Beschleunigung einer an dem An-
ker (4) befestigten Vorrichtung (6), um Be-
schleunigungsdaten zu liefern; und
Verarbeiten der Beschleunigungsdaten, um Ge-
schwindigkeitsdaten zu liefern;
gekennzeichnet durch:

Verarbeiten der Beschleunigungsdaten,
um Rollwinkeldaten zu liefern, wobei die
Rollwinkeldaten einen Rollwinkel des An-
kers (4) angeben;
Übertragen der Rollwinkeldaten und der
Geschwindigkeitsdaten von der Vorrich-
tung (6) an eine Empfängereinheit (10) zur
Nutzung mit dem Wasserfahrzeug (1); und
Bestimmen basierend auf den Ankerge-
schwindigkeitsdaten und den Ankerrollwin-
keldaten, ob sich der Anker (4) gesetzt hat.

15. Verfahren nach Anspruch 14, das ferner umfasst,
dass basierend auf den Ankergeschwindigkeitsda-
ten und den Ankerrollwinkeldaten bestimmt wird, ob
die Ankersetzung fehlgeschlagen ist.

Revendications

1. Dispositif (6) de surveillance d’une ancre (4) pour
l’ancrage d’un navire (1), le dispositif comprenant :

un accéléromètre (32) configuré pour mesurer
une accélération du dispositif afin de produire
des données d’accélération ; et
un moyen (34) configuré pour traiter les données
d’accélération afin d’obtenir des données de vi-
tesse,

le dispositif étant caractérisé par :

un moyen (38) configuré pour traiter les
données d’accélération afin d’obtenir des
données d’angle de roulis, les données
d’angle de roulis indiquant un angle de rou-
lis de l’ancre (4) ; et
un moyen (52, 54) configuré pour émettre
les données d’angle de roulis et les données
de vitesse du dispositif (6) vers une unité
réceptrice (10) destinée à être utilisée avec
le navire (1).

2. Dispositif selon la revendication 1, dans lequel l’ac-
céléromètre est un accéléromètre à 3 axes conçu
pour produire des données d’accélération avec trois
composantes orthogonales.

3. Dispositif selon la revendication 2, dans lequel les
données de vitesse sont obtenues en intégrant une
composante des données d’accélération par rapport
au temps.

4. Dispositif selon la revendication 2 ou 3, comprenant
en outre un moyen (40) configuré pour stocker un
vecteur de gravité, les données d’angle de roulis
étant produites en comparant deux composantes
des données d’accélération au vecteur de gravité.

5. Dispositif selon l’une quelconque des revendications
précédentes, comprenant en outre un moyen (38)
configuré pour traiter les données d’accélération afin
d’obtenir des données d’angle de tangage, les don-
nées d’angle de tangage indiquant l’angle de tanga-
ge du dispositif (6), le moyen d’émission (52, 54)
étant conçu pour émettre les données d’angle de
tangage du dispositif (6) vers l’unité réceptrice (10).

6. Dispositif selon l’une quelconque des revendications
précédentes, comprenant en outre un moyen (42,
44, 46) configuré pour moyenner les données d’an-
gle de roulis, les données de vitesse et/ou les don-
nées d’angle de tangage en fonction du temps, et
de préférence une mémoire (48) conçue pour stoc-
ker les valeurs moyennes des données d’angle de
roulis, des données de vitesse et/ou des données
d’angle de tangage.

7. Dispositif selon la revendication 6, comprenant en
outre un moyen (50) configuré pour regrouper les
valeurs moyennes des données d’angle de roulis,
des données de vitesse et/ou des données d’angle
de tangage en un ensemble de données, le moyen
d’émission (52, 54) étant conçu pour émettre l’en-
semble de données du dispositif (6) vers l’unité ré-
ceptrice (10), l’ensemble de données comprenant
de préférence une identification de l’ancre.
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8. Maillon de liaison (6) pour relier une ancre (4) à un
câblot, le maillon de liaison comprenant un dispositif
selon l’une quelconque des revendications précé-
dentes, le maillon de liaison étant relié à l’ancre (4)
au moyen d’une articulation (20) qui contraint la ro-
tation du maillon de liaison par rapport à l’ancre dans
au moins un plan.

9. Maillon de liaison selon la revendication 8, le maillon
de liaison comprenant un transducteur acoustique
(54) configuré pour émettre acoustiquement les don-
nées d’angle de roulis et les données de vitesse vers
l’unité réceptrice (10), de préférence par l’intermé-
diaire d’un câblot (3) entre l’ancre (4) et le navire (1).

10. Unité réceptrice (10) destinée à être utilisée avec un
navire (1) relié à une ancre (4), l’unité réceptrice
comprenant :

un moyen (60) configuré pour recevoir des don-
nées d’angle de roulis indiquant un angle de rou-
lis de l’ancre et des données de vitesse indi-
quant une vitesse de l’ancre ; et
un moyen (66) configuré pour déterminer si l’an-
cre (4) s’est posée, sur la base des données de
vitesse de l’ancre et des données d’angle de
roulis de l’ancre.

11. Unité réceptrice selon la revendication 10, compre-
nant en outre :

un moyen (70) configuré pour déterminer si la
pose de l’ancre a échoué, sur la base des don-
nées de vitesse de l’ancre et des données d’an-
gle de roulis de l’ancre ; et
un moyen (74) permettant de générer un signal
d’alarme s’il est déterminé que la pose de l’ancre
a échoué.

12. Unité réceptrice selon la revendication 10 ou 11,
comprenant en outre un moyen (60) configuré pour
recevoir des données d’angle de tangage, l’angle de
tangage étant utilisé pour déterminer si l’ancre (4)
s’est posée et/ou si la pose de l’ancre a échoué.

13. Système de surveillance pour la surveillance d’une
ancre (4) pour l’ancrage d’un navire (1), le système
de surveillance comprenant un dispositif (6) selon
l’une quelconque des revendications 1 à 7 ou un
maillon de liaison selon la revendication 8 ou 9 ainsi
qu’une unité réceptrice (10) selon l’une quelconque
des revendications 10 à 12.

14. Procédé de surveillance d’une ancre (4) pour l’an-
crage d’un navire (1), le procédé comprenant les éta-
pes consistant à :

mesurer une accélération d’un dispositif (6) at-

taché à l’ancre (4) afin d’obtenir des données
d’accélération ; et
traiter les données d’accélération afin d’obtenir
des données de vitesse ;
le procédé étant caractérisé par les étapes con-
sistant à :

traiter les données d’accélération afin d’ob-
tenir des données d’angle de roulis, les don-
nées d’angle de roulis indiquant un angle
de roulis de l’ancre (4) ;
émettre les données d’angle de roulis et les
données de vitesse du dispositif (6) vers
une unité réceptrice (10) destinée à être uti-
lisée avec le navire (1) ; et
déterminer si l’ancre (4) s’est posée, sur la
base des données de vitesse de l’ancre et
des données d’angle de roulis de l’ancre.

15. Procédé selon la revendication 14, comprenant en
outre l’étape consistant à déterminer si la pose de
l’ancre a échoué, sur la base des données de vitesse
de l’ancre et des données d’angle de roulis de l’an-
cre.
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